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(57) Abstract 

N-alkyl polyhydroxy alkyl amines such as N-methyl glucamine having a Gardner Color of less than 1 are reacted with sources of 
fatty acyl groups such as methyl esters, anhydrides, and/or fatty acids that have greater than 98 % transmittance at 460 nm in organic 
hydroxy solvents such as methanol to prepare N-alkyI polyhydroxy amine amides with good color. The N-alkyI polyhydroxyamincs can 
be punfied by crystallization, and/or subjected to reductive bleaching, to provide superior color. The reaction is preferably carried out 
at low temperature for short periods of time and with low catalyst levels to minimize fomiation of cyclic products. The resulting amide 
product can be further purified by treatment with anionic and cationic exchange resins to remove soap and amine impurities. The anionic 
ion exchange resin can be readily regenerated by acidifying it followed by washing with an organic solvent. 
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15 FIELD OF THE INVENTmM 

The present invention relates to an improved process for preparing amides of 
N-alkyl polyhydrojqrallqrl amines, e^ecially ones having good color and low levels of 
undesirable by-products. 

BACKGROTT ND OF THE TNVENTTON 
20 The manufacture of N-allgrl polyhydroxyalkyl amines (N-allgrl polyhydroxy 

amines), such as N-methylglocamine, and the fetty acid amides thereof has been 
known for many years, and such materials are available commercially. Recently, there 
has been occaaonto employ N-allqrl polyhydroxy amines, e.g., in reactions with, e.g., 
fatty add estws to prepare fatty add polyhydroxy amide detersive surfectants for use 
25 in deaning products. It has been determined that care must be taken in preparing N- 
alltyl polyhydrojty anunes and amides to provide the amides with the best color. 

The present invention affords access to high quality potyhydroxy &tty add 
amide sur&ctants. The present invention provides means for preparing N-alkyl 
polyhydroxy amine amides which are ahnost water white, especially amides of N- 
30 methylglucamine, in high yidds, and more espedally, amides of N-methyl^camuie 
containing low levds of qrclic materials as hereinafter disdosed. 

BACKGROUND ART 
Glucose reductive amination processes are disclosed in U.S. Pat. No. 
2,016,962, Flint et al., issued October 8, 1935. 
35 U.S. Pat. No. 1,985,424, Piggott, issued Dec. 25, 1934, disdoses 

manufacturing "textile assistants" by reacting (a) the product of heating glucose and 
aqueous metltylamine in presence of hydrogen and a hydrogenating catalyst under 
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pressure ivith(b) an orgamccatboxyfic acid such as Stearic add or ol^ The 
condensation product, prepared at about 160-C. is said to be -predonunantly if not 
exclusively, an anude" and is assertedly of the fonmila R^O-NRi-CHWCHOH).- 
CH2OH wherem R is an alkyi radical containing at least 3 carbon atoms. ivhUe R, is 
hydrogen or an alkyl radical. 

U.S. Pat. No. 2,016,962. issued Oct. 8. 1935. discloses a process for preparing 
glucammes and related products. 

U.S. Pat. No. 2.703.798. Schwartz, issued March 8. 1955. asserts that 
compositions produced by reacting fktty adds or add anhydrides with N- 
alkylglucamines (presumably such as the process as taught by Piggott) have poor 
color and poor detergency properties. Hius. Sdiwartz teaches problems assodated 
with fonnmg the condensation products of N-monoalkylglucamines and fatty adds 
with respect to undesirable color characteristics and detergency properties 

According to Schwartz, approximately equimolar proportions of N- 
monoalkylglucamines can be reacted with fetty alkyl esters by heating at 140-C.230" 
C. preferably 160-C.180«'C at normal, reduced or superatmospheric pressures for a 
penod -somewhat in excess of one hour" during whidi time two initially immisdble 
phases merge to form a product said to be a useful detergent. 

Suitable N-monoalkylglucaraines are illustrated by N-methylglucamine N- 
ethylglucamine, N-isopropylglucamine and N-butylglucamine. Suitable fetty 'alkyl 
esters are illustrated by the product of reacting a C^-Cao ^tty add with an aliphatic 
alcohol, e.g., methyl ester of lauric add. 

More recent processes indude those described in U.S. Patents- 5 334 764 
Schiebd. Comior. Shumate, and St. Laurent; 5.338.486, Connor. Schdbel. 'and Kao' 
5,338,487, Connor. Sdidbd. and Kao; and 5.380,892. Connor, Schdbd. and Kao. all 
of said patents being incorporated herein by reference. 

According to Thomas Hedley & Co. Ltd. (now Procter & Gamble Ltd ) British 
Pat. No. 809.060 published Feb. 18, 1959. the compounds made by the process herein 
are usefiil as surfactants for laundiy detergents such as those having granular form 
Hldreth (supra) mentions use of the compounds herein in the biochemistry field as 
detergent agents for solubilizing plasma membranes and EP-A 285,768, pubHsh-cd 
Dec. 10, 1988, describes appUcation of these compounds as a thickener. Thus, these 
compounds, or compositions containing them, can be highly desirable sur&ctants. 

Yet another process for making compositions comprising the amide compounds 
of this invention is induded in the above-identified disdosure of improved thickeners 
See EP-A 285.768. See also H Kdkcnberg. Tenside Suifectants Detergents 21 
(1988) 8-13, inter alia for additional disdosures of processes for making N- 
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alkylglucamines. AU of the above patents and publications are incoiporated herein by 
reference. 

SUMMARY OF TTT F INVRMTrnN 
The present development relates to a series of improvements relating to 
processes for preparing amides of N-alkyl polyhydroxy amines (N-alkylamino 
polyols). Both the N-allcyl polyhydroxy amines and the source of fatty acyl groups, 
e.g., esters, used to form the amides are selected to have good color, the reaction 
conditions are selected to avoid the formation of color materials and precursors for 
color materials; and/or the amide product is treated with an ion exchange resin, 
mixtures of ion exchange resins, or combinations thereof and/or a reducing "bleach" 
to prepare the best color amides. The combinatfon of all of the improvements is 
required in order to achieve amides with the veiy best color for formulating detergent 
compositions, espedaOy Bquid detergent compositions that are "water white" and 
which contain low levds of cydic materials. 

The invention provides a process for preparing polyl^droxy fatty add amide 
surfactants, comprising reacting a member selected from the group consisting of fatty 
adds, fetty add anhydrides and fetty add esters, especially fatty add esters, having 
greater than 98% transmittance at 460mn with an N-alkylamino polyol having a 
Gardner Color of less than 1 (<0.1 absorijence at 440nm), e.g., methyl esters or 
triglycerides. Crystallization of said N-alkylamino polyol can be used to provide the 
appropriate purity and color. N-alkylamino polyol with this Gardner Color is "stable" 
for three hours at 130«C. The N-alkylamino polyol is considered stable if it has a 
Gardner Color of 4, or less, after three hours under these conditions. A less pure N- 
alkylamino polyol wiU be a dark brown after three hours under these conditions. 
Also, in order to prepare the best color amides, the dehydration of N-alkylammo 
polyol should be carried out at between about 110*C and about 160*C for a period of 
time of less than about three hours, more preferably at a tempentare of from about 
120°C to about I40°C for a period of time of less than about one and a half hours and 
even more preferably at a temperature of from about ISO'C to about 135*»C for a 
period of time of less than about one hour. However, for commerdal practice, good 
results can be obtained with dehydration times of from about four to about right 
hours, preferably from about five to about sue hours, to accommodate commerdal 
equipment limitations. A more pure N-aUqrlanuno polyol can be achieved by 
crystallization from an aqueous solution, either with, or without, an organic solvent 
present. 

The dehydrated N-alkyhunino polyol is then reacted with, e.g., fatty add esters 
and especially triglycerides, to form fatty add pofyhydro;^ amide sur&ctants. 
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The resulting polyhydroxy felly add amide surfectant is then post treated with 
an ion exchange resin, mixture of ion exchange resins, or combinations of ion 
exchange resins, and/or reducing bleach such as NaBH4. etc., or hydrogenation over 
a catalyst, as taught hereinafter, and, optionally, combinations of treatments A 
particularly effective post treatment is the hydrogenation of a solution of the 
polyhydroxy fatty add amide surfectant over a hydrogenation catalyst like nidcel, 
palladium, copper chromite, etc. 

In a preferred process, the fatty add ester is a CiQ-Cig alkyl or alkenyl fatty 
acid methyl ester, or. triglyceride, and the N-alkylamino polyol is sdected from N- 
methyl glucamine, N-methyl fiuctamine, N-methyl maltamine and N-methyi glycerol 



amme. 



PETAILED DHSCRTPTmTJ of thf mvPNTrnM 
The processes of this invention employ sdected leactants, N-alkylamino polyols 
and sources of fetty acyl groups, with good color, espedaUy color that is heat stable. 

The "color" referred to herdn is the Gardner Color. e.g.. of the N-alkylamino 
polyol, the N-alkylamino fetty add amide, etc. "Gardner Color" is the standard 
Gardner measurement known in the art. A Gardner Color reading near zero 
(solution) represents a nearly colorless ("water-white") sohition. Gardner Colors 
below about 1 are required for tiie N-alkylamino polyol reactants, and it is piefeired 
to have Gardner Colors close to 0. 

Gardner Color is detennined by AO.C.S. (American Oil Chemists Sodety) 
Offidal Method to la.64, entitied COLOR Gardner 1963 (Glass Standards) 
established 1978 and revised 1982. The equipment and standards for determining 
Gardner Color can be purdiased from Ddta Sdentific, Box 5728. Long Island, New 
Yoric 20014. or from Gardner Laboratory. Silver Spring, Maryland, U.S.A As used 
herdn, the Gardner Color limits typically refer to the color resulting from tiie color 
bodies tiiat are present, or which are the result of the described reactions, and not to 
ddiberately added color materials. 

The odor characters of tiie N-alkylamino polyol reactant. and its amide, are 
substantially free of amine or "fish" type odor (once any excess N-alkylamine is 
removed) and also substantially free of typical browning sugar odors. 
TheN-alkvlamlno Pnlynig 

Suitable N-alkylamino polyols can be prepared by processes similar to tiiose 
described in copending U. S. Patent Application Serial No. 07/907,382, filed July 8, 
1992, in the name of Junan Kao et al. for PROCESS FOR PREPARING N^ 
ALECYLAMINES IN AQUEOUS/HYDROXY SOLVENTS, said appUcation bdng 
incorporated herdn by reference. espedaOy page 6. line 4. to page 23, Ime 3 and 
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EXAMPUES I - VI. and K - XTV. The polyhydroxy amine used to form the 
polyhydroxy add amide can be made by any process that wiU provide the desired 
color. 

As discussed hereinafter, N-alkyknuno polyols with good color are achieved by 
s careful selection of reaction conditions. 

The reaction for the preparation of the N-alkylamino polyols (also refeired to 
herein as "polyhydroxyamines" or "N-alkyl polyhydroxy amine") herein can be termed 
the "R.r reaction, and is iUustrated by the formation of N-methylghicamine, wherein 
is methyl. 
10 Adduct Process 

In this first variation of the R-1 reaction, the process involves pre-reacting the 
amine and redudng sugar to form an adduct. 

water and/or organic solvent, e.g., methanol 
R1NH2 + glucose — > Adduct + H2O 
IS The Adduct has the formula Q) as follows: 

1—^1 

RInH . CH - (CH0H)3 - CH - CH2OH 
catalyst 

20 Adduct + H2 -» RlNHCH2(CHOH)4CH20H 

The reactants, solvents and catalysts used in the R-1 reaction are all weU- 
known materials, although not usually used in such purified form for making 
detergent surfectants, and are available, at least in some form, fi^om a variety of 
commerdal sources. The following are nonlimiting examples of materials which can 

25 be used herdn. 

Anang Material - The "N-allqrlamines" used to form the N-alkylamino polyols 
indude primary amines of the formula RINH2, wherein r1 is, for example, alkyl, 
e.g., C1-C18, especially C1-C4 alkyl, or the corresponding hydroxyalkyls, e.g., Ci- 
C4 hydroxyalkyl. Examples include methjd, ethyl, propyl, hydroxyethyl, and the like. 

30 Nonlimiting examples of amines usefiil herein include methyl amine, ethyl amine, 
propyl amine, butyl amine, 2-hydroxypropyl amine, 2-hydroxymethylpropyl, 2- 
hydro^qrethyl amine; 1-methoxypropyI, and methyl amine. The C1-C3 alkylamines are 
preferred, and N-methylamine is most preferred. All such amines are jointly referred 
to herdn as "N-alkyl amines." The amine can be either anhydrous or in a solvent, 

35 e.g., aqueous solvent, of a concentration of fi-om about 30% to about 90%, preferably 
firom about 40% to about 70%. 

Poh^hvdroxy Material - A preferred source of polyhydroxy materials use&l in 
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all of the R-l reactions comprise reducing sugars or reducing sugar derivatives. By 
"sugars" herein is meant reducing sugars such as glucose, fructose, mannose, lactose 
maltose, xylose and the like. The term "sugars" herein also includes glycerddehyde' 
Such "sugars" can include materials which break down to form sugars, such as plant 
syrups such as cane syrups, com syrups, potato starch^erived sugar syrups, 
hydrolyzed wood pulp-derived sugars and the like. High fructose, high glucose and 
high maltose syrups are economical and preferred, especially if their Gardner Color is 
satisfactoiy. The reactant sugar material comprises, for this first variation, an adduct 
with the amine such as methylamine. The species are determined (measured) by g.c. 
analysis, (gas-liquid chromatography or "g.l.c.") using Hewlett-Packard 5890 Series 2 
on column injection using DB 115 meter 0.25 m fihn thickness ID 250 m. 

A particular advantage of the "Adduct" process is that the "Adduct" can be 
fonned in the presence of water. Accordingly, raw materials such as com syiup. and 
the like, can be used as the sugar source. However, the sugar solution can be 
prepared from granular, powdered, etc., sugar by dissolving the sugar in the sohrent, 
preferably aqueous solvert. Concentrations of sugar in the solvent. e.g.. water, are 
typically from about 40% to about 90%, preferably from about 50% to'about 70% 
(Typically. 71% is the upper limit.) It is highly important that the color of the starting 
sugar material, for preparing all N-akylamino polyols, be less than about one on the 
Gardner Color scale, preferably less than about Gardner 0+. and more preferably 
about water white. Typical color materials that are presem in the starting sugar 
materials negatively affect the catalyst and the reaction yield. These color materials 
also contribute to the eventual color of the N-alkylammo polyols. Such colors can be 
removed, if present, by procedures such as "carijon bleaching," in which the cotor 
materials are adsorbed. The sugar material is preferably handled without excessive 
heating and/or under non-oxidiang conditions to prevait degradation. 

Of course, use of sugars having low Gardner Colors (e.g.. 0 or <1, i.e.. water- 
white syrups) to form tiie N-alkylamino polyols wiU help ensure tiiat N-alkJrlamino 
polyols having desirably low Gardner Colors will be produced. Stated otiierwise. use 
of low (0-1) Gardner Color sugars (preferably white soHds or water-white solutions) 
and use of the reaction sequence disclosed herein results in low Gardner Color N- 
allgrlamino polyols. 

Cstalxa - A variety of hydrogenation catalysts can be used in ti» R-l reaction. 
Included among such catalysts are nickel (preferred when treated as discussed 
hereinafter), platinum, palladium, iron, cobalt, tungsten, various hydrogenation alloys, 
and the like. The catalyst used in the hydrogenation step is preferably a particulate 
nickel catalyst, Raney nickel, nickel, otiier nickel catalysts afBxed to substrate 
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materials such as alica or alumina. Catalysts wiadi are easier to remove (e.g., by 
filtration) are preferred. Highly preferred catalysts herdn comprise "United Catalyst 
G49B,- "United Catalyst G96," and "UCI C46" particuhrte Ni catalysts supported on 
siKca, available fi-om United Catalysts, Inc., LouisviUe, Kentucky, and Racey nickel 
type catalysts firom W.R. Grace & Co., of Baltimore, Maryland, sudi as RA4200 and 
RA3100. 

Achieving good color also requires optimizing and maintaining the activity of 
the preferred nickel catalysts including any of the conventional Raney nickel or 
"supported" nickel catalysts well-known in the art. Conventional nickel under the 
trademark RANEY NICKEL 4200 and 3200 (Grace Chemicals) are quite suitable for 
use herein. Ua (United Catalyst, Inc.) G-96B and G-49B and G-49C are also 
suitable. With respect to the nickel catalyst, it is believed that removing oxides of 
nickel from the catalyst prevents or impedes dissolution of nickel ions into the 
reaction nulieu, and thus results in the formation of reaction products having a 
desirable low nickel content. Moreover, it has been found that the nickel catalyst pre- 
treated and pref««bly post-treated with pressurized l^drogen can be re-used in 
multiple subsequent reactions, thereby yieldmg a substantial overall cost savings. In 
general, nickel catalysts, such as those that are commercially available, Qpically are 
contaminated with, e.g., oxides of nickel, organic materials, excess caustic, and/or 
alumina fines, especially after shipping and storage. The nickel catalysts that are used 
in the processes herein are preferably fi-ee of catalytic activity inhibiting quantities of 
nickel oxides, organic materials, caustic, alumina fines, etc. Therefore, it is desirable 
to wash the catalyst with one, or more, solvents to effect removal of organics and/or 
water-soluble materials, to preferably lowea- the jtH, and/or treat the catalyst with a 
strong reducing agent, e.g., hydrogen gas under high pressure and/or twnpKature 
conditions, to destroy, or remove, the nickd oxides. Once the catafyst is "cleaned," 
the catalyst is desirably maintained undo- non-reactive atmosphere, e.g., nitrogen gas, 
or, more desirably, a redudng gas, e.g., Iqrdrogen. Any exposure to the normal 
atmosphere should desirably occur for only short periods of time and v,Wle the 
temperature is low The activity of the catalyst can be increased substantially by the 
reduction, or removal, of these impurities, even when they are present in very small 
amounts. The resulting catalyst also provides amines, and therefore amides, with 
good color. 

When the nidrel catalyst is in contact with either adduct or N-alkyl 
polyhydroxyallqrl amine, the hydrogen pressure should be maintuned to miiumize 
catalyst solubilization. Simihirly, a high hydrogen pressure, e.g., from about 100 psig 
to about 3500 pag, preferably from about 500 pag to about 1500 psig, and a 
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temperature of from about 20'C to about 135«>C, preferably from about 40»C to 
about 85'C. ivfll reduce the level of nickel ion dissolved in the N-alkyl 
polyhydroxyalM amine, and, by depositing the nickel back onto the catalyst, 
regenerate its activity. 

A combination of hydrogen gas and selected pressure^tempeniture conditions 
can reduce this solubilization and. in fact, reverse the process to dq,osit nickel and 
regenerate the catalyst. Lowering the soluble M content in the N-alkyl polyhydroxy 
amme product to less than about 10 ppm. preferably less than about 5 ppm. more 
preferably less than about 2 ppm, wiU effectively regenerate the catalyst. 

When the catalyst is separated from the N-alkyl polyhydroxyalkyl amine the 
temperature should be less than about 135»C. preferably less than about 85»C and the 
separation, typically filtration, should be accomplished under hydrogen pressure. 

Regeneration of catalyst can be achieved using the step described for initial 
actrvation. 

The N-alkylamino polyol reactant herein, which is "substantiaHy free of nickel- 
contains no more than about 20 parts per million (ppm) nickel, and preferably lesi 
than about 5 ppm nickel (Ni+^. Nickel can be com^ently measured by 
conventional atomic absorption spectroscopy, using dfluted samples (5/1 dilution to 
nunimize interference). 

Sfilvsil - Formation of the adduct in the R-l process is comrenientiy carried out 
m water and/or organic solvent, especially polar, most preferably hydroxy solvents 
Typical examples of organic solvents usefiil herein in the fonnation of the amine-sugar 
adduct include methanol (preferred), ethanol. 1-propanol, iso-propanol. the butanols. 
ethylene glycol, 1.2-propylene glycol (preferred), 1,3-propylene glycol, glycerol and 
the like. The amine itself can also function as a solvent, typically at mole ratios of 
amine:sugar of from about 4:1 to about 30:1. 

The hydrogenation reaction of the R-I reaction can also be earned out in the 
presence of an organic or aqueous solvent which dissolves the adduct. 
Hydrogenation solvents are, conveniently, polar, especially hydroxy, soh^ents. ie.. of 
the same type as those mentioned above for use in the fonnation of the adduct. When 
substantially anhydrous organic solvem is used, the unreacted amine is removed with 
the water after the adduct fomiation step. However, when an aqueous solvent is 
used, the amine and solvent are not removed untD the catalyst removal step. 

Water is the preferred sohrent for the hydrogenation reaction. Methanol is a 
preferred organic solvent for use in the hydrogenation reactioa 

Qgngral R-l Reaction Condifinn:? - Reaction conditions for the R-l 
reaction are as foUows. Step (a) - Adduct formpti^^ . g.^ (,) proccrj L 
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preferably carried out at a tanporature of fiom about 0*C to about 80*»C, preferably 
from about lO'C to about 60"C, for processes utilizing organic hydroxy solvent and 
below about 70"C, preferably less than about 50"C, more preferably less than about 
SOT, more preferably from about WC to about 25°C, for aqueous solvents. 
5 The reaction time used for adduct formation will typically be on the order of 

from a few minutes to about 20 hours, depending somewhat on the reaction 
temperature chosen and/or the ratio of amine to sugar. In general, for the organic 
solvent, lower reaction temperatures in the range of O'C-SO'C require longer reaction 
times, and vice-versa. In general, for the organic solvent, over a preferred lO^C-eCC 
10 reaction tempOTture range, good adduct yields, e.g., more than about 90%, 
preferably more than about 95%, are achieved in 1-10 hours for the organic solvent. 
For the lower reaction temperature range, 0-70»C, preferably 0-30'C, that gives good 
color, espedally in water, the reaction time can also be as much as 10 hours, but, 
typicaUy, equihljrium is substantiaUy reached within about four hours or less, 
15 especially with higher amine:sugar ratios. The temperature and reaction time are 
selected to give an adduct with a Gardner Color of preferably less than about 1. 
Good adduct color is necessary for obtaining good reactions and color in any 
subsequent hydrogenation reaction and maintaining catalyst activity. Below a 
Gardner Color of about I, the resulting N-alkyl polyhydroxy amine, and consequently 
20 the resulting amide, has good color. The color bodies can be removed by, e.g., 
carbon bleaching as used for the sugar solution. 

The adduct also has a very low level of glucose. The glucose level, as a 
percentage of the adduct is preferably less than about 1%, and more preferably less 
than about one-half of one percent. Glucose interferes with the hydrogen reaction 
25 step to form the N-allqd polylqrdrojqf amine. Excess amine can also hdp reduce the 
glucose level and minimize formation of sorbitol during Iqrdrogenation. 

In general, the temperature will rise during adduct formation since the reaction 
is exothermic. Therefore, mamtaining temperatures bdow about 30°C, as required in 
batch processes, involves providing cooling for the reactants and/or the reaction mix. 
30 Temperatures above about SOX require reaction times of less than about 10 minutes 
to avoid excessive color formation. Such short times are normally not feasible except 
in a continuous reaction. Even with such a continuous reaction, back-mbdng should 
be minimized, e.g., by use of plug flow conditions, to avoid excessive exposure of the 
adduct to higher temperatures. Ideally, the adduct is promptiy reacted with hydrogen 
35 to form the corresponding N-alkyl polyhydrojqr amme to nunimize degradation. 
However, tempCTatures below about 30°C. preferably less than about 20''C, allow one 
to handle and/or store the adduct for at least semal hours, which fedlitates the use 
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of batch processes. At 0"C, the adduct is stable for 24 hours. 

Sur&ce temperatures. e.g., when preheating the adduct for the hydrogen 
reaction process, should be maintained below about 100»C, preferably below about 
70«»C. » 

Reactant concentrations can vary. Molar ratios of aminersugar not greater 
than about 7:1 are preferably used herein, although ratios up to about 30:1 can be 
used when the amine is used as a solvent, at least in part. Generally the desired 
adduct formation is achieved at a mole ratio of aminersugar with an excess of amine, 
e.g., mole ratios of >1:1, preferably greater than about 1.1:1, and the like, e.g..* 
greater than about 1.3:1. Typical reactant concentrations in the water and/or hydroxy 
solvent are in the 10-80%, typically 40-50% (wt.) range. Adduct fonnation can be 
carried out at atmospheric or superatmospheric pressures. 

Step (b) Reactipn with Hydrogen - Step (b) should be accompUshed so as to 
avoid the prolonged exposure of the adduct to the catalyst when the hydrogen 
15 pressure is less than about 500 psig. and preferably the hydrogen pressure should be 
at least about 1000. and more preferably at least about 1500 psig. Keeping this time 
below about one hour, and preferably below about a half hour, minimizes the amount 
of catalyst metal, e.g., nickel, that is converted to water soluble ion. Such ions are 
undesirable for a variety of reasons including thdr affect on color fonnation, 
20 incompatibility with other materials, safety, etc. 

Step (b) can be carried out in either a sluny process or a fixed bed. Step (b) is 
preferably carried out at a temperature of fi-om about 20°C to about 120°C, 
preferably from about 50«C to about 100»C for organic hydroxy solvent processes* 
Step (b) is preferably carried out in two stages for aqueous solvent processes. The 
25 first stage is at a temperature that is low enough to avoid formation of the 
corresponding reduced sugar, e.g.. sorbitol in the case of glucose, and other 
unwanted byproducts. Typically this is from about 20'C to about 70*C. more 
preferably from about 40»C to about 65»C, and even more preferably from' about 
50*C to about 60°C. In the second stage, after the reduction (hydrogenation) of the 
30 adduct to the N-alkyl polyhydroxy amine is at least about 80% complete, preferably at 
least about 90% complete, more preferably at least about 95% complete, the 
temperature is raised to at least about 75°C, preferably at least about 80°C, and up to 
about 135X, preferably ISO'C, so that the remaining adduct and any other materials 
that may fiann color bodies are minimized and the adduct is at least about 95%, 
35 preferably at least about 98%, more preferably at least about 99.9% converted to the 
corresponding N-alkyl amino polyol. This second stage is essential to the preparation 
of N-alkyl polyhydoxy amine with good stable color upon heating. Heat stability is 
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improved for the N-alkylamino polyol by using excess amine in the preparation step 
and a higher temperature at the heat treatm»tt step. 

During Step (b) it is highly preferred to avoid localized overheating, e.g., at 
the surface of the heating element or heat exchanger. Sudi sui&ce or "skin" 
5 temperatures should be below about 180X, preferably below about 100»C, and even 
more preferably less than about 70°C, during the fiist stage and less than about lOO'C 
during the second stage. 

The reaction witii hydrogen is preferably carried out with limited initial water 
when tile solvent is an organic hydroxy solvent, altixough even tiien, water (e.g., up to 

10 1:1 wt. H20:alcohol) can be present. Optional water removal from the adduct 
prepared in Step (a) can be effected by use of drying agents, or by simply stripping 
water and solvent from the adduct, and tiien redissolving tiie adduct m fresh water- 
free sohrent. The hydrogen reaction can typically be nm, for example, at 
temperatures of 20°C-120X at 50-1,000 psi or, for example, at SCC-gO^C at 100- 

15 500 psi for periods of 0.1-35 hours, generally 0.5-8 houis, typicaUy 1-3 hours when 
the organic solvent is used. 

When the solvent comprises water, tiie hydrogenation reaction is done in two 
stages as discussed before. 

The adduct/solvent solution used in tiie hydrogen reaction is typically at a 10- 

20 80%, typically 40-50%, (wt.) solute level. 

It win be appreciated tiiat tiie selection of hydrogen reaction conditions will 
depend somewhat on the ^e of pressure equipment available to the formulator, so 
the above-noted reaction conditions can be varied witiiout departing from tiiis 
inventioa However, as noted before, tiie hydrogen pressure preferably should be 

25 above about 500, preferably 1000, more preferably about 1500. psig when tiie adduct 
and tiie catalyst, espedaUy tiie preferred nickel catalyst, are botii present. Use of 
lower pressures down to about 100 psig will require eitiier a separate step to remove 
Ni ion, or more prolonged post treatment, as discussed herdnafter, to achieve veiy 
low Ni content. 

30 Hydrogen reaction catalyst levels are typically from about 1% to about 100%, 

preferably from about 2% (preferably about 5%) to about 30% (preferably 20%) 
more preferably from about 5% (preferably 10%) to about 15% (preferably about 
20%) solids by weight, calculated based on wt. catalyst:wt. reducing sugar 
substituent. 

35 Step (c) Eisishing - The catalyst is tiien separated from the product after the 

reaction is completed. The catatyst is removed from tiie product of Step (c) which is 
tiien preferably dried by ciystallization, or by sohrent/water stripping or by means of 
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eflfective drying agents. This helps prevent reversion to the sugar starting material. 

Step (c), when it involves solvent/water stripping, is preferably done in a wiped 
fihn evaporator. 

Steps (aHc) of the R-1 process are preferably conducted under non-oxidizing 
5 conditions (e.g., H2 or inert gas) to provide good color. Catalyst removal in the Step 
(c) process is done preferably under hydrogen pressure to prevent Ni (catalyst) 
dissolution or at least under inert conditions. 
Glucose Addition Proce.'ss 

Another suitable process for preparing the polyhydroxy amine utilizes glucose 
10 addition (The "Glucose Addition" process) after prembdng the catalyst and amine in a 
simplified reaction which can achieve good results so long as the glucose is added 
under a hydrogen pressure of at least about 100 psig, preferably at least about 500 
psig, and more preferably at least about 1000 psig. at a temperature of less than about 
80»C, preferably less than about TCC. most preferably less than about 60»C. The 
15 materials and the conditions for the remainder of the reaction are the same as detafled 
above for the adduct process. 

The preparation of the N-alkylammol polyols by either of the processes can be 
conducted in any weU-stirred pressure vessel suitable for conducting hydrogenation 
reactions. In a convenient mode, for the "Glucose Addition" process, a pressure 
20 reactor with a separate storage reservoir is employed. The reservoir (which, itself 
can be pressurized) communicates with the reactor via suitable pipes, or the like. In 
use, a stirred slurry of the nickel catalyst is first "cleaned," mduding being treated 
with hydrogen to remove traces of nickel oxides. This can be conveniently done in 
the reactor. (Alternatively, if the manu&cturer has access to an oxide-free source of 
25 nickel catalyst, pretreatment with H2 is unnecessary. However, for most 
manufectuiing processes some trace of oxides wiU inevitably be present, so the H2 
treatment is preferred.) After removal of excess shiny medhmi (water) the N-alkyl 
amme is introduced into the reactor. Thereafter, the sugar is introduced from the 
storage reservoir into the reactor either under hydrogen pressure or by means of a 
high pressure pumping system, and the reaction is allowed to proceed. The progress 
of the reaction can be monitored by periodicaUy removing samples of the reaction 
mixture and analyzing for unreacted sugar using gas chromatography ("g.c"), or by 
heating the sample to about lOO'C for 30-60 minutes in a sealed vial to check for 
color stability. TypicaDy. for a reaction of about 8 Kters (ca. 2 gallons) size the initial 
stage (to 95% of redudbles being depleted) requires about 60 minutes, depending 
somewhat on catalyst level and temperature. The temperature of the reaction mbcture 
can then be raised to complete the reaction (to 99.9% of the redudbles being 
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dq)leted). 

Crystallization offoh/hvATtn^r^l^f 

The color quaUty, stabiBty, and/or purity of the N-alkylamino polyol caa be 
further improved by a process of crystallization of the N-alkylamuio polyol from an 
5 aqueous solution or water/organic solvent mixture. Ciystallization is earned out by 
cooling the aqueous mixture of the N-alkylamino polyol from Step (b) to 0-10°C, or 
more, preferably by concentrating the aqueous nuxture to about 70% solids prior to 
cooling, and most preferably by adding from about 10 to about 200 parts of an 
organic solvent, e.g., methanol, acetone, etc. either to the aqueous feed solution, or, 
10 most preferably, to the concentrated solution. Highly pure crystals of the N- 
alkylamino polyol form which can be isolated from the supernatant solution by 
filtration and/or centri&gation. To obtain the purest crystals possible, the filter cake, 
or centrifiige cake, should be washed with from about 0.25 to about 1.25 parts of 
chiUed (0.5«C) solvent. The wet cake can then be employed to produce polyhydroxy 
15 fetty acid amides with reduced color. The crystallization method provides a 
surprisingly improved amide product. 
Formation nf Polvhydrn w Fattv Acid Amliit f^ 

The N-alkylamino polyol compounds prepared by either of the above reactions 
and having the required Gardner Color can be used in an overall process for preparing 
20 polyhydroxy fatty acid amide surfactants which includes an amide-forming reaction 
comprising reacting a source of fatty acyl groups such as fetty adds, fatty acid 
anhydrides and fatty add esters, especially fatty acid esters, having greater than 98% 
transmittance at 460nm with an N-alkylamino polyol having a Gardner Color of less 
than 1 (<0.1 abs. at 440nm), more preferably esters which have been distiUed in the 
25 presence of from about 0.05% to about 2% alkaU metal oxide, e.g.. those prepared in 
the foregoing manner, in an organic hydroxy solvent in the presence of base catalyst. 
The formation of such surfactants with high purity and bw cobr is ah especially 
beneficial result of such a process when an organic hydroxy solvent is used, smce the 
detergent formulator can pump and/or mcorporate the polyhydroxy fatty acid amide 
30 reaction product plus the reaction solvent such as 1,2-propane diol, (propylene 
glycol), glycerol, or alcohol (e.g., in liquid detergents) directly into the final detergent 
formulation. This offers economic advantages in that a final solvem removal step is 
rendered unnecessary, particularly where anhydrous glycols or ethanol are used. 

The polyhydroxyamine products of either of the aforesaid R-1 reactions. 
35 preferably with water substandally removed, can be fiirther employed in an amide- 
forming reaction which is designated herein as the "R-2" reaction. A typical R-2 
amide-forming reaction herem can be illustrated as Mows: 
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R^COOMe + R3n(HX:H2(CHOH)4CH20H-> 

Base citalySt, e.g., methoxide 

R2c{0)N(R3)CH2(CHOH)4ai20H + MeOH 

Thus, the process herein can encompass an overaU process for preparing 
polyhydroxy fatty add amide sur^t optionally comprising an R-l process as 
desaibed above and then reacting the polyhydroxyamine having a color ofless than 
10 Gardner 1 with a fetty acid ester having at least 98% transmittance at 460nm in an 
organic hydroxy solvent (preferably, methanol) in the presence of a base catalyst to 
fo™ the polyhydroxy fetty acid anride surfectant (at a temperature of from about 
40 C to about 135-C for a time ofless than about three hours, more preferably at a 
temperature of from about 40T to about lOO'C. and even more preferably at a 
15 temperature of from about 50»C to about Z(y>C for a time ofless than about 2 hours.) 
and optionaUy. removing said solvent. The nssulting amide product is treated with ion 
exchange resin, more preferably a mature of add and base resins, or. optionally with 
reducmg bleach to provide a product thai is essentially "water white". 

In a more preferred embodiment, the amide surfactant is treated first with add 
20 ion exchange resin to convert any soap to fatty add and remove any residual amine 
that has not been converted to amide. Then the amide surfectant is treated with base 
ion exdiange resin to remove the fetty add. Both resins remove part of any color 
bodies that have already formed. 

R-2. or the combination of R-l and R.2 reactions herein, can be used to 
25 prepare polyhydroxy &tty add amide surfectants of the formula (II) as follows- 

R2-C(0)-N(R1).Z 
wherein: each r1 is H. C1-C4 hydrocarijyi. C1-C4 alkoxyalkyl. or hydroxyalkyl. e g 
2-hydroxyethyl, 2-hydroxypropyl, etc.. preferably Ci-C4 alkyi, more preferably Ci or 
C2 alkyl, most preferably Ci alkyl Ci.e., methyl) or methoxyalkyi; and R2 is a C5-C3 
30 hydrocari,yl moiety, preferably straight chain C7-C19 alkyl or alkenyl, more 
preferably straight diain Cp-Cn alkyl or alkenyl, most preferably straight chain Ci j- 
Ci7 alkyl or alkenyl, or nuxture thereof, and Z is a polyhydroxyfaydrocarbyl moiety 
having a linear hydrocaibyl chain with at least 3 hydroxyls directly comiected to the 
chain, or an alkoiqrlated derivative (preferably ethoxyiated or propoxylated) thereof 
35 Z preferably will be derived from a redudng sugar in a reductive amination reaction 
more preferably Z is a glydtyl moiety. Z preferably wifl be sdected from the group 
consisting of -CH2-(CHOH)n.CH20H, -C3I(CH20HHCHOH)n.CH20H. -CH2- 
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(CHOH)2(CHOR')(CHOH)-CH20H. where n is an integer from 3 to 5, inclusive, and 
R' is H or a cycKc mono- or poly- saccharide, and alkoxylated derivatives thereof. 
Most preferred are glycityls wherein n is 4, particuhrly -CH2-(CHOH)4-CH20. 
Mixtures of the above Z moieties are desirable. 
5 In Formula (II), r1 can be, for example, N-methyl, N-ethyl, N-propyl, N- 

isopropyl, N-butyl, N-isobutyl, N-2-hydroxyethyl, N-l-methoxypropyl, or N-2- 
hydroxypropyl. 

R2-C0-N< can be, for example, cocamide, stearamide, oleamide, lauramide, 
myristamide, capricamide, palmitamide, tallowamide, etc. 

10 Z can be 1-deoxygIucityl, 2-deoxyfructityl, 1-deoxymaltityl, 1-deoxylactityl, 1- 

deoxygalactit>i l-deo;qanannityl, l-deojormaltotriotityl, etc. 

The following reactants, catalysts and solvents can conveniently be used in the 
R-2 reaction herein, and are listed onty by way of ocemplification and not by way of 
limitation. Such materials are ail weU known and are routinely available from a 

15 variety of commercial sources. 

Rei^ctant? - Various fetty esters can be used in the R-2 reaction, including 
mono-, di- and tri-esters Ci e., triglycerides). Methyl esters, ethyl esters, and the like 
are all quite suitable. The polyhydroxyamine reactants include reactants available 
from the above-described R-l reaction, such as N-alkyI and N-hydroxyalkyl 

20 polyhydroxyamines with the N-substituent group such as CH3-, C2H5-, C3H7-, 
HOCH2CH2-, and the like. (Polyhydroxyamines avaDable from the R-l reaction are 
preferably not contaminated by the presence of residual amounts of metallo 
hydrogenation catalysts, although a few parts per million [e.g., 10-20 ppm] can be 
present.) Mixtures of the ester and mixtures of the polyhydroxyamine reactants can 

25 also be used. 

Cateta - The catalysts used in the R-2 reaction are basic materials sudi as the 
alkoxides (preferred), hydroxides Oess preferred due to possible hydrolysis reactions), 
carbonates, and the like. Preferred alkoxide catalysts include the alkali metal C1-C4 
alkorides such as sodium methoxide, potassium ethoxide, and the like. The catalysts 

30 can be prepared separately from the reaction mixture, or can be generated in situ 
using an alkali metal such as sodium. For in sitti generation, e.g., sodium metal in the 
methanol solvent, it is preferred that the other reactants not be present until catalyst 
generation is complete. The catalyst typically is used at a level of about 5-8 mole % 
of the ester reactant. Mbctures of catalysts can also be used. 

35 Sglvent^ -The organic hydroxy solvents used in the R-2 reaction include, for 

example, methanol, ethanol, propanol, iso-propanol, the butanols, glycerol, 1,2- 
propylene glycol, 1,3-propylene glycol, and the like. Methanol is a preferred alcohol 
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solvent and 1.2-propylene glycol is a preferred diol solvent. Mixtures of solvents can 
also be used. 

general R-2 Reactipn Conditions - It is also an optional objective herem to 
prepare the desired products while minimizing the formation of cydized by-products. 




5 e.g., 

ester amides and color bodies. Reaction temperatures below about 135»C. typically 
in the range of from about 40°C to about 1 00°C. preferably 50°C to SO'C, aie used to 
achieve this objective, especially in batch processes where reaction times are typicaUy 
on the order of about 0.5-2 hours, or even up to 6 hours. Somewhat higher 
10 temperatures can be tolerated in continuous processes, where residence times can be 
shorter. 

Purification ofthePolvhvdroxvFflHY Ari^l ^"litft 

The polyhydroxy fetty. acid amide surfactant prepared by the processes herein is 
very pure and has good color. However, for products that are not colored, or which 
are clear, even purer, less colored surfectants are required. Accordingly, the 
polyhydroxy fatty acid amide surfactant is preferably post treated with aii ion 
exchange resin, mixture of ion exchange resins, or combinations of ion exchange 
resins, and/or reducing bleach such as NaBH4. etc., or hydrogenation over a catalyst. 
Treatment with ion exchange resins can be very effective if the treatment is 
20 carefiiUy carried out Since the minor contaminants present are both cationic in 
nature, e.g., amines, and/or anionic in nature, e.g., soaps and/or fatty acids, it is 
desirable to treat with both anionic and cationic (acidic and basic) ion exchange 
resins. A particularly effective treatment is to treat a solution of the polyhydroxy fetty 
add amide sur&ctant first with add ion exdiange resin to remove the amine and 
convert any fiitty add soap to fiitty add and tiien treat witii base ion exchange resin to 
remove the fatty add. 

Anotiier particularly efifective post treatment is the hydrogenation of a solution 
of tiie polyhydroxy fatty add amide surfectant over a hydrogenation catalyst like 
nidcel, palladium, copper chromite, etc. Surprisingly, tiie hydrogenation is efiective in 
eliminating color bodies and color body precursors witiiout adversely affecting tiie 
structure of the sur&ctant. 

The hydrogenation is typically carried out in a batch reactor. A catalyst, 
typically of dtiier nickd or palladium, is slurried in a solution of tiie polyhydroxy fatty 
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acid amide sur&ctant and reacted under conditions that wiU achieve the desired 
improvement. Typical reaction conditions are hydrogen pressure of from about 150 
to about 1000. preferably from about 300 to about 500, psi; temperature of from 
about 50 to about 120. preferably from about 50 to about 65. 'C. to limit potential 
soap formation; and reaction time of from about one to about four, preferably from 
about one to about two hours. 

The color of tiie surfectant is measured as % transmission at 420 nanometers, 
against a 50/50 mixture, by weight, of methanol/distilled water bhuik. The surfactant 
is dUuted to 50% by weight with tiie blank solution and read in a spectrophotometer. 
Typical color of commercial production varies from about 55% to about 70% 
transmission, as measured above. For clear products, tiie minimum transmission 
should be at least about 70%. 

The catalyst loading to achieve 70% transmission depends on the type of 
catalyst used, and tiie desired level of color improvement. For nickel catalysts, tiie 
loading ranges from about 2% to about 10%, preferably from about 2% to about V/., 
expressed as weight of catalyst based upon tiie sur&ctant in solution. TTiese levels of 
catalyst will raise tiie transmission from about 40%-48% to about 70% witii 2% 
catalyst and to about 80-85% witii 10% catalyst. Post hydrogenation witii palladium 
catalyst produces superior color witii less catalyst. PaUadium catalyst usage ranges 
from about 0.005% to about 0.15% witii resulting transmissions of from about 85% 
to about 90% when starting witii colors having transmissions of about 60%. For 
comparison, a transmission of about 42% was raised to about 75% by nickel catalyst 
and to about 93% by palladium catalyst, using conditions of about 120»C and about 
360 psi l^drogen. 

Anotiier optional reductive bleaching step utilizes a reducing material such as; 
NaBH4, LiAlH4, etc. It has been found tiiat tiie pH should be from about 10 to about 
10:9, preferably from about 10.1 to about 10.6, more preferably about 10.4. This pH 
range provides exceUent bleachmg at a good rate witiiout excessive creation of fetty 
add soap by hydrolysis of the amide. 

The following examples are intended to illustrate tiie practice of tiie R-2 
reaction using tiie N-polyhydroxyamines prepared by tiie above-disclosed R-1 
reaction (witii H2O having been removed). It is desirable to use concentration ranges 
of tiie reactants and solvent to provide a "70% concentrated" (witii respect to 
reactants) reaction mature. This 70% concentrated mbrture provides cxceUent 
results, in tiiat high yields of tiie desired polyhydroxy &tty acid amide product are 
secured r^idly. Indeed, indications are tiiat tiie reaction is substantially complete 
witiiin one hour, or less. The consistency of the reaction mixture at tiie 70% 
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concentration level provides ease of handling. However, even better resuks are 
secured at the 80% and 90% concentration levels, in that chromotography data 
mdicate that even less of the undesired cydized by-products are fanned at these 
higher concentrations. At the higher concentratbns the. reaction systems are 
somewhat more difficult to work with, and require more efficient stining (due to their 
mitial thickness), and the like, at least in the early stages of the reaction. Once the 
reaction proceeds to any appreciable ettent, the viscosity of the reaction system 
decreases and ease of mixing increases. 

M percentages, ratios and proportions herein are by weight, unless otherwise 
specified. AU limits and numerical values herein are approximate unless otheiwise 
stated. 

EXAMPT.FT 

Standard Reaction 

A reaction mixture consisting of about 214 g Cn fatty add methyl ester 
(Procter & Gamble methyl ester CE1295); about 195 g N-methyl-D-glucamine dry 
powder, about 10.8 g 25% sodium methylate; and about 37.7 g propylene glycol as a 
solvent is used. The reaction vessel comprises a one liter, four neck, round-bottom 
flask reactor; one 300 mm coiled condenser, one 250 ml round-bottom flask; several 
adaptors; one agitator with a variable speed motor, one mantle connected to a Thenn- 
O-Watdi® for temperature control; and a vacuum water aspirator for vacuum. 

The methyl ester is added to the reactor and. with agitation, is heated to about 
60»C. The propylene glycol and the N-methyl glucamine (powdered), are added with 
suffident agitation to keep the solids suspended. The temperature is raised to about 
SO-C and a vacuum of about 100 mmHg abs. is created, if more than about 0.1% 
moisture is present, to diminate the moisture. The pressure is raised with nitrogen 
and the sodium methylate is added. The temperature is set at about 80»C and the 
time is set at zero. The pressure is reduced approximatdy eveiy thirty minutes from, 
approximatdy. 500 to 350 to 200 to 100 mmHg. The pressure is again raised with 
nitrogen and a sample is taken for GC analysis. 

The above standard reaction results m about 200-600 ppm cyclic material, 
which is considered undesirable. In one standard reaction, the levd of cyclic is 250 
ppm while the percent conversion is 91%; lowering the reaction temperature to about 
70»C lowers the cydic levd to about 80 ppm and the conversion to about 88%; 
lowering the reaction time to about one hour decreases the cydic materials to about 
50 ppm and the conversion to about 89%; cutting the catalyst levd in half reduces the 
cydic materials to about 90 ppm and raises the conversion to about 93%; removing 
the methanol in 30 minutes reduces the cydic materials to less than about 50 ppm and 
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raises the conversion to about 90%; and reducing the vacuum to a maximum of about 
200 niniHg reduces the cyclic materials to about 40 ppm whUe reducing the 
converaon to about 87%. 

Reducing the time to remove the methanol and reducing the vacuum have the 
5 most significant impaa on redudng cycfic formation. 

Color improvement is obtained by using reactants with better color. The 
methyl ester and polyhydroxy amine should both have a Gardner color of less than 
about 1, the amine being the most important. Using an excess of amine in the R-l 
reaction, e.g., about 100% excess and/or higher heat treatment temperatures provide 
10 improved amine color. Use of a crystallization step improves the color even more. 

The amide is preferably treated with an ion exchange resin, or, more preferably, 
with both anionic and cationic ion exchange resins, to remove color bodies. This 
treatment is acconq}lished as follows. 

EXAMPLE n 

An overall process at the 80% reactant concentration level for tiie amide 
synthesis is as follows. 

A reaction mixture consisting of about 84.87 g C12 fiitty add metiiyl ester 
(Procter & Gamble methyl ester CE1270), about 75 g N-metiiyl polyhydroxyamine 
per Example I, above, about 1.04 g sodium methoxide and a total of about 39.96 g 
methyl alcohol (ca. 20% by wt. of reaction mixture) is used. The reaction vessel 
comprises a standard reflux set-up fitted witii a drying tube, condenser and 
mechanical stirring blade. The N-metiiylglucamine/metiianol is heated witii stirring 
under nitrogen (reflux). After tiie solution has reached tiie desired temperature, tiie 
ester and sodium metiioxide catalyst are added. The reaction mature is maintain^ at 
25 reflux for about 6 hours. The reaction is essentially complete in about 1.5 hours. 
After removal of tiie metiianol, tiie recovered product weighs about 105.57 grams. 
Chromatography indicates the presence of only traces of undesired ester-amide by- 
products, and no detectable cyclized by-product. 

While the foregoing disclosure generally relates to a solvent-assisted metiiod 
30 for preparing N-meUiyl polyhydroxy amines, such as N-metiiylglucamine, as well as 
their fatty acid amide derivatives using fatty metiiyl esters, it is to be understood tiiat 
variations are available which do not depart fi-om the spirit and scope of tiiis 
invention. Thus, reducing sugars such as fiuctose, galactose, mannose, maltose and 
lactose, as weU as sugar sources such as high dextrose com syrup, high fructose com 
35 synip and high maltose com symp, and tiie like, can be used to prepare tiie 
pofyhydrojgramine material to replace glucamine) of the reaction. 

Surprisingly, a wide variety of fets and oils (triglycerides) can be used herein in 
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reaction to completion. When the vacuum reaches about 66 mm Hg without 
recessive foamingthereactionis complete. After breaking the vacuum with nitrogen, 
about 126.86 g water and about 74.60 g ethanol are added to the muture m 
resulting glucose amide solution is dark yeUow in color and measures about 54 9% 
Transmittance at about 420 nm. 

Example IV-B 
(Amide Crystallization with Ciystallized Amine) 
A reaction mixture consisting of about 121.0 g of purified N-methyl glucamine 
filter cake from Example in (about 16'/o volatiles). about 112.1 g of Procter & 
Gamble CE.1295 methyl ester and about 19.7 g propylene glycol are charged to a one 
hter r^on vessel equipped with mechanical stirring blade, condenser and receiver 

^ mature is heated with stirring to about 80-C and held under a slight vacuum for 
about 30 minutes to remove any residual moisture and methanol from the filter cake 

After breaking vacuum with nitrogen, about 8.4 g of about 25% sodium 
methoxide solution is char;ged to the reactor and the time recorded. Methanol is 
aUowed to distill oflf and is collected in the receiver. After about one hour, vacuum is 
slowly apphed to strip out the remaining methanol and drive the reaction to 
completion. After about two and one half hour, target vacuum is achieved and no 
more methanol is distilling. Vacuum is broken with nitrogen and about 65 1 g 
chstdled water and about 39.5 g ethanol are added to the mixture, n^e resultant 
^cose amide solution has a ve^r pale yeUow tint and measured about 88 9% 
Transmittance at about 420 nm. 

EXAKfPT.Fy 

The regeneration of strong base anionic ion exchange resin after exhaustion by 
25 polyhydro^qr amide elution is conducted as follows. 

EthanoUc HCI solution is prepared by adding about 27.4 g of concentrated 
(about 36.5 wgt%) HCI to about 972.6 g 3A ethanol. 

A dilute caustic solution is prepared by dissolving about 15.3 g of NaOH 
pellets (assay = about 98%) into about 1484.7 g of distiUed water. 

About four hundred-fifty ml. of exhausted Amberlite IRA^IO resin is packed 
m a 500 ml graduated dispensing cylinder and is washed with about one Hter warm 
distifled water to remove residual amide. The resin is washed with about one Uter of 
about 5% ethanoOc HCI solution (prepared as described above) to acidify followed 
by washing with about one liter of ethanol to complete the removal of &tty acid The 
resin is then washed with about one Uter of warm distilled water to rehydnite the 
rean. 

The resin is then regenerated by slowly duting about 11/2 Uters of about 5% 
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aqueous NaOH solution through the resin. The resin is then washed with distilled 
water until the pH is about 8. 

The regeneration of strong acid cationic ion exchange resin after exhaustion 
by polyhydroxy amide elution proceeds as follows: 

Ethanolic HCl solution is prepared by adding about 27.4 g of concentrated 
(about 36.5 wgt%) HCl to about 972.6 g 3A ethanol. 

About four hundred.fifty ml. of exhausted, Amberiite IR-120 Plus strong acid 
cationic resin is packed in a 500 ml graduated dispensing cylinder, wrapped in about a 
50'C heating tape and is washed with about one liter warm distilled water to remove 
the residual amide product. The resin is acidified by eluting about one Uter of 
ethanoUc HCl and is then washed with warm distiUed water to rehydrate the resin. 

Regeneration is completed by slowly ehiting an additional liter of about 5% 
aqueous HCl through the resin. The resin is then washed with distilled water until 
the pH is approximately 5. 
15 EXAMPLE VT 

About two hundred mis of regenerated Amberiite IR-120 Phis from Example 
Vn is packed in about a 250 ml graduated cylinder wrapped with a heating tape set at 
about 50"C. About two thousand grams of glucose amide which is prepared from 
crystallized N-methyl glucamine in accordance with Example IV-B is eluted through 
20 the resin and is collected in about 200 g aliquots. 

About 1800 g of eluate from the cationic column is then eluted through about 
200 mis of regenerated Amberiite IR-410 strong anionic resin from Example VH. 
This column's temperature is also maintained at about 50»C with the aid of an electric 
heat tape. The ehiate is collected in sateen, about 100 g aliquots. 
25 Before resin treatment, analysis of the glucose amide indicates the following 

ai^roximate quality and composhion. 

Transmittance at about 360 nm = 74. 1% 

N-methyl glucamine = 2.8% 

Fatty Add/Methyl Ester = 4.9% 

30 Glucose amide = 55.6% 

Ester Amide s 0.2% 

After resin treatment, both the color quality and composition of the product 
are greatly improved. 

35 Transmittance at 360 run = 93.3% 

N-methyl glucamine = o.l% 

Fatty Acid/Methyl Ester = 0.6% 

Glucose amide - 55.5% 

Ester Amide = q \o/^ 
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EXAMPLEVTT 

A second method for regeneration of strong base anionic ion exchange resin 
after exhaustion by polyhydroxy amide elution is conducted as foUows. 

EthanoUc HCl solution is prepared by adding about 27.4 of concentrated 
5 (about 36.5 wgt %) HC 1 to about 972.6 g 3 A ethanol. 

A dilute solution of about 7 mole ethoxylated lauryl alcohol is prepared by 
dissolving about 9 g of ethoxylate in about 9 g of ethanol and about 1482 g of wann, 
distilled water. 

About four hundred-fifty ml of exhausted resin, is packed in a 500 ml 
graduated dispensing cylinder, wrapped in a heating tape and held at about 50X. 
The resm is washed with about one liter of warm distiUed water to remove the 
residual amide. About one liter of wann, about 5% aqueous HCl is ekited through 
the resin to acidify. The column is aUowed to set for about two hours at about 50»C 
to aUow the fatty acid to migrate to the surface of the resin. The column is back 
washed with about 11/2 liters of warm ethoxylate soUition to remove the fitty add 
from the column. 

The resin is then regenerated by slowing eluting about 1 1/2 liters of about 5% 
aqueous NaOH solution through the resin. The resin is then washed with distilled 
water until the pH is about 8. 

The cationic resin is regenerated in the same manner as described in Example 

vn. 

When glucose amide prepared in the manner described in Example IV-A. 
having an amber color and measuring about 32.1% Transmittance at about 360 nm, is 
passed through these ion exchange resins, the color hnproves to a pale straw color 
25 measuring about 82.2% Transmittance at about 360 nm. 

EXAMPLE VTTT 

N-mediyl glucamine with good color stabiHty and v*ich subsequentfy 
produces good quality glucose amide is prepared in the following manner. 

Approximately a two gallon autoclave is charged with about 360g of Grace 
4200 Raney nickel catalysts as a 50% suspension in water, about 920g of 50% methyl 
amine and about lOOOg water. The reactor is pressurized to about 1500 psig with 
hydrogen. The reactor contents are heated to about SO'C wMle stirring. To this is 
charged about 2600g of ClearSweat™ 99DE com syrup and the coments are reacted 
at about 50»C for about two hours. Fresh hydrogen is added to maintain the pressure 
35 as it is consumed by the reactioa A sample is removed from the reactor at the end of 
about two hours and its composition measured to be approximately: 
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N-methyi glucamine 
n-glucosylamine 
glucose 
sorbitol 



= 95.0% 

= 1.0% 

« 1.0% 

= 0.9% 



5 



This material was light yellow in color and upon subsequent reaction to 
glucose amide in accordance with the procedure described in Example IV-A results in 
a product that is very dark in color. 

The reaction mixture remaining in the autoclave is now subjected to a 

10 temperature increase from about 50°C to about lOOX over the course of about 60 
minutes while hydrogen pressure was maintained at about 1500 psig. After about 
100°C is reached, the reactor is quickly cooled under hydrogen pressure by 
introducing cooling water to the reactor coil. When the mixture has cooled to about 
30-50^C, the material is discharged from the reactor. Its composition is 

15 approximately: 



AMIDES MADE FROM CRYSTALLIZED NMG AND BASE TREATED ESTER 
About 49.1 kg of Procter & Gamble CE-1295 methyl ester is charged to a 72 
liter distillation flask equipped with a condenser and receiver About 900 g of sodium 
methoxide solution (about 25% by weight in methanol) is added to the ester. At m 
30 absolute pressure of about less than 10 mm of Hg., the ester is heated to about 
140^C. The distillate is condensed and collected in the receiver. The first about 618 
g collected in the receiver is discarded; the remaining distillate is collected as a Svater 
white', low odor methyl laurate. 



About 175.0 g of n-methyl glucamine crystals purified in accordance with 



35 Example III are dissolved in water to produce about 375.0 g of aqueous solution. 
This solution is charged to a standard one liter reaction flask set up compridng a 
mechanical stirring blade, condenser,, and receiver. Over the course of about two 
hours and forty minutes, the solution is gradually heated to about 130^C and the 
pressure is reduced to about 26 inches of Hg vacuum to remove the water which is 
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N-methyl glucanune 
n-glucosylamine 
glucose 
sorbitol 



= 97.3% 
non-detectable 
non-detectable 
« 0.8% 
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condensed and collected m the recdver. 

To the dehydrated n-methyl ghicamine is added about 195.9 g of the distilled 
methyl laurate described above and about 36.5 g of propylene glycol After stiiring, 
about 14.5 g of sodium methoxide solution (about 25% by weight in methanol) is 
added to the reactor and the time is recorded. The mbcture is allowed to cool to 
about 85»C as methanol is distilled off under atmospheric pressure. After about 30 
mmutes no more methanol is visibly distilling so vacuum is slowly applied to the 
reaction vessel to strip out the remaining methanol and drive the reaction to 
completion. When the vacuum reaches about 25 mches of Hg without excessive 
foaming the reaction is complete. After breaking the vacuum with nitrogen, about 
123.0 g water and about 72.3 g ethanol are added to the mixture. The resulting 
glucose amide solution is "water white' in color and measures as 95% Transmission at 
420nm. 

AMIDES PREPARED USING TRIGLYCERIDES 
Triglyceride reactants include CRISCO® oil. pahn oil, sunflower oil, canola oil. 
rapeseed oil. coconut oU palm stearine, and the corresponding hydiogenated oUs. The 
catalysts are alkaU metal salts of monohydric alcohols, or polyhydroxy alcohols, e.g.. 
sodium methoxide. The reaction medium is a nonionic surfactant, e.g.. NEODOL® 
10-8 or 23-3, or GENAPOL 26-L-5. 

The reaction is conducted in a meh. The N-methylglucamine at a mole ratio of 
from about 2.3:1 to about 2.9:1 based upon the triglyceride, nonionic surfactant and 
triglyceride are co-melted at about 120.140-C under vacuum in about 30 minutes. 
About 7.5 mole%. based upon the N-methyl glucamine, of sodium methoxide is 
added to the reaction mature. The reaction mbcture becomes homogeneous in 
seconds. The reaction nuxture is immediately cooled to about 85'»C. The reaction 
nuxture is maintained under vacuum for about 1-2 hours and is complete at this pomt 
In an alternate process, the N-methylglucamine is mued at room temperature 
with the nonionic surfactant, triglyceride, and catalyst. The mixture is heated to 85- 
90'»C under, alternatively, vacuum and nitrogea The reaction matures become clear 
in one to one and a half hours. The reaction matures are maintained at about 85'C 
for about 2-3 hours. 

More spedficaUy, about 127.45 g of N-methylglucamine powder is added to a 
500 ml three-necked, round-bottom, flask equipped with an internal thermometer, 
vacuum line, nitrogen line, and mechanical stirrer. The N-methylghjcamine is meUed 
at about 130-140«C and dried under vacuum. Hardened pahn kernel oil (about 
156.41 g) is added to a separate 500 ml three-necked, round-bottom, flask equipped 
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with an internal thermometer and a vacuum line. The hardened pahn kemd oil is 
melted at about 130-140®C and dried under vacuum. The dried hardened palm kernel 
oil and about 31.54 g propylene glycol are added to the N-methylglucamine with 
mixing. About 1,76 g sodium methoxide as a 25% mfacturc with methanol is added to 
5 this mixture with mixing and the methanol is removed by vacuum. The mixture is 
homogeneous in about 1.5 minutes, at which time, cooling is applied. The nuxture is 
cooled to about 90X in about seven minutes and maintained at this temperature for 
about 85 minutes. The mbcture is poured out and the analysis was done by gas 
chromatography. 

10 Removing the water from the reactants minimizes the formation of &tty acid. 

Preferably, the water level is less than about 0. 1%. 

EXAMPLE YI 
TOEATMENT OF AMIDE WITH BOROHYDRIDE 
About two hundred grams of a glucose amide are added to a one liter, three- 

15 necked, reaction flask fitted with a thermometer on a top load balance. The reactor is 
transferred to a heated mantle and connected to a mechanical stirrer. 

The temperature is raised to, and maintained at, about SS^'C throughout the 
treatment period. About 1.23 g of commercial sodium borohydride and about 0.20 g 
of powdered sodium borohydride are added to the reactor. 

20 There is about 0,49 g of sodium hydrowde in the borohydride, which raises the 

pH from about 8.7 to about 10.4. The starting color of the amide is about 54% 
transmission at 420 nanometers and after about two hours of treatment the 
transmission is about 76%. The final pH of the solution is lowered to about 8 with 
3 1% hydrochloric add. 

25 The pH of 10.4 results in increased production of soap, but a pH of more than 

about 10 is required for borohydride stability. Untreated N-methylglucanrine amide 
typically has a soap content of about 3.09, The pH/soap content of borohydride 
treated N-methylglucamine amide varies approximately as follows: 10.1/3.14; 
10.3/3.16; 10.6/3.17; and 11.0/3.41. As a result, the pH should be less than about 

30 1 0.9 during treatment. 

EXAMPLE Xn 

Polyhydroxy fatty acid amide surfactant solution as in Example II before 
purification, having a % transmission below about 70%, is treated with hydrogen in a 
high pressure stirred reactor, heated by an internal coil connected to a steam/water 
35 mixing apparatus. The surfactant solution contains, approximately: 60% surfactant, 
22% water, 12% ethanol. and 6% propylene glycol. About 1000 g of the solution is 
slurried with about 1.2 g of palladium catalyst (5% palladium on carbon) wetted to 
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about 50% moisture. The reactor is sealed and the agitator started at about 500 rpm. 
The reactor is repeatedly (five times) slowly pressurized to about 200 psi and then 
slowly vented. The reactor is then pressurized to about 400 psi and the agitator 
increased to about 1200 rpm. The temperature is raised to about 66"C and the 
5 reaction earned out for about two hours and the product filtered under hydrogen 
pressure to remove catalyst. The % transmisaon is now more than about 80%. 
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WHAT IS CLAIMED IS; 

1. A process, use&l in the preparation of amides of N-alkylamino polyols, 
selected from the group consistmg of: 

(1) a process carried out under non-oxidizing conditions, for preparing amides of N- 
alkylamino polyols comprising reacting a source of fatty acyl groups selected from 
the group consisting of fatty acids, fatty acid anhydrides, fatty acid esters, and 
mixtures thereof, preferably fatty acid ester, having greater than 98% transmittance at 
460nm with an N-alkylamino polyol, preferably N-alkylglucamine, having a Gardner 
Color of less than 1, preferably an N-alkylamino polyol that has had its purity 
improved by a process of crystallization of the N-alkylamino polyol from an aqueous 
solution or water/oiganic solvent mbcture and recovering the N-alkylamino polyol, 
said crystallization preferably being carried out by cooling an aqueous mature of the 
N-alkylammo polyol to O-IO'^C, and isolating highly pure ciystals of the N- 
alkylamino polyol from the supernatant solution by filtration and/or centrifugation, 
and more preferably wherein an aqueous mixture of said N-alkylamino polyol is 
concentrated to at least about 70% soHds prior to cooling, and then adding from 
about 10 to about 200 parts of an organic solvent to the concentrated solution, and 
optionally, but preferably wherein the resuhing filter cake, or centrifuge cake, is 
washed with from about 0.25 to about 1.25 parts of chiUed, 0-5°C solvent, the 
reaction preferably being carried out in an organic hydroxy solvent, preferably 
selected from the group consisting of: methanol, ethanol, propanol, iso-propanol, 
butanol, glycerol, 1,2-propylene glycol, 1,3-propylene glycol, and matures thereof, 
in the presence of a base catalyst, the catalyst level for the preferred fetty acid ester 
being at a level of from about 5 to about 8 mole % of the fatly add ester, at a 
temperature of from about 40'»C to about ISS^C, preferably from about SOX to 
about 80°C, for a period of time that is less tiian about three hours, preferably less 
than about two hours; 

(2) a process for removing an impurity selected from the group consisting of amine, 
fatty acid, and mixtures thereof, preferably amine, and optionally fatty acid, and more 
preferably N-alkylamino polyol, from aqueous detergent surfactant, preferably N- 
alkyl polyhydroxy amine amide, solution comprising treating said surfactant solution 
with ion ecchange resin; 

(3) a process fiir removing color body, color body precursor, or mixmres thereof 
fixjm N-allq^l polyhydroxy amine amide compiismg treating said N-alkyl polyhydroxy 
amine amide witii reducing bleach, preferably a borohydride the treatment preferably 
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being carried out at a pH of from about 10 to about 10.9, more preferably from about 
10.1 to about 10.6,; 

(4) a process for regenerating a strong base ion exchange resin containing fetty acyl 
anion groups comprising acidifying the resin to form fatty acids corresponding to the 
fatty acyl anion groups and removing the fatty acids by dissolving them in organic 
solvent; and 

(5) mixtures of said processes. 

2. The process according to Claim 1 (1) wherein the resulting N-alkyl 
polyhydroxy amine amide is treated with ion exchange resin, preferably a mbcture of 
acid and base resins, and then, optionally, but preferably, said N-alkyl polyhydroxy 
amine amide is treated first with acid ion exchange resm to convert any soap that is 
present to fatty acid and remove any residual amine that may be present and then is 
treated with base ion exchange resin to remove the fatty add. 

3. The process according to Claim 1 (1) or Claim 2 wherein said N-alkyI 
polyl^rdroxy amine amide is treated vwth reducing bleach. 

4. The process according to Claim 1 (1), Claim 2, or Claim 3 wherein the 
pressure is held at a vacuum of less than about 200 mm Hg and the solvent is 
removed from the reaction product in less than about one hour, preferably less than 
about one-half hour. 



5. The process of Claim 1 (2) wherdn said impurity comprises fetty acid soap and 
said solution is first treated with add ion exchange rean to remove the amine and 
convert the fatty add soap to fatty add and then is treated with base ion exchange 
resin to remove the fatty add. 

6. The process of Claim 1 (3) wherein said reducing bleach is hydrogen and the 
treatment is carried out in the presence of hydrogenation catalyst, preferably selected 
from the group consisting of: nickel and palladium catalysts. 

7. The process of Claim 1 (4) wherein the fetty acyl groups contain from about 6 
to about 30 carbon atoms, preferably from about 10 to about 20 carbon atoms, and 
more preferably from about 12 to about 16 carbon atoms. 

8. The process of Claim 1 (4) or Claim 7 wherein the solvent is ethanol. 
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9. The process of Claim 1, carried out under non-oxidizing conditions, for 
preparing amides of N-alkylamino polyols comprising at least one step selected from 
the group conasting of: (1) reacting a source of fatty acyl groups selected from the 
group consisting of fatty acids, fatty acid anhydrides, fatty acid esters, and mixtures 
thereof having greater than 98% transmittance at 460nm with an N-alkylamino polyol 
having a Gardner Color of less than 1; (2) removing from an aqueous solution of said 
amides of N-alkylamino polyols an impurity selected from the group consisting of 
amine, fatty acid, and mixtures thereof by a step comprising treating said solution 
with ion exchange resin and then, when said ion exchange resin is a strong strong 
base ion exchange resin containing fatty acyl anion groups, regenerating said strong 
strong base ion exchange resm by a process comprising acidifying the resin to form 
fatty acids corresponding to the fatty acyl anion groups and removing the fatty acids 
by dissolving them in organic solvent; and (3) removing color body, color body 
precursor, or mixtures thereof from said amides of N-allq^lamino polyols compriang 
the step of treating said amides of N-alkylamino polyols with reducing bleach. 
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